Abstract. The study deals with the visible-light-driven photodegradation of dye pollutants, especially for methylene blue(MO) over silver phosphate photocatalyst. The Ag 3 PO 4 photocatalyst was synthesized by a simple ultrasonic-assisted ion-exchange method in weak acidity solution including silver nitrate, sodium dihydrogen phosphate, and sodium phosphate . X-ray diffractometer (XRD), scanning electron microscope (SEM) were carried out to characterize the as-obtained samples. As-synthesized photocatalyst exhibited an excellent photocatalytic efficiency. Under visible light irradiation, nearly 100% of methylene blue (10 mg·L -1 , 50 mL) can be degraded by only 0.040 g photocatalyst in 25 minutes. The influence of dye initial concentration and recyclability was also explored.
Introduction
In recent years, photocatalytic technology which applied in water treatment to the degradation of dye pollutants attracts more and more widely attention [1] . TiO 2 -based photocatalyst has been widely used in the photodegradation of dyes, which has the advantages of high activity, good stability, and low price [2] . However, TiO 2 photocatalyst with the large bandgap (3.2 eV) can only utilize the UV light, which greatly limits the utilization of solar energy [3] [4] [5] . For utilizing solar energy more fully, it is indispensable to design new visible-light-driven photocatalysts [6] .
In this area, Ag 3 PO 4 photocatalyst was found to be an active visible-light-driven photocatalyst and has a huge potential to use solar energy [7, 8] . Ag 3 PO 4 with a bandgap of 2.4 eV has an exceptionally high photocatalytic efficiency due to the high separation of photoexcited electrons and holes [8] [9] [10] . In this work, the Ag 3 PO 4 photocatalyst was successfully prepared in weak acidity solution. The photocatalytic efficiency of the as-synthesized product was investigated by photodegradation of different dyes, especially for methylene blue. In addition, the influence of dye initial concentration and recyclability was also explored.
Experimental section
Ag 3 PO 4 , Na 3 PO 4 , and NaH 2 PO 4 were purchased from Xi'an Chemical Reagent Factory(China). TiO 2 was obtained from Tianjin Hongyan Chemical Reagent Factory(China). Methylene blue and methyl orange(MO) were obtained from Nankai Chemical Plant (China). All of the reagents in our experiments were used as received.
A simple ion-exchange method was employed to prepare Ag 3 PO 4 product at room temperature. 0.003 mol of AgNO 3 was dissolved in 60 mL water, and 0.001 mol of the different proportion of NaH 2 PO 4 and Na 3 PO 4 were dissolved in 30 mL water. Then, the phosphate solution was added by drops into the above solution under ultrasonic oscillations. After another 15 min, the yellow precipitate was collected by filtration, washed with distilled water and dried in vacuum drying oven at 60℃ for six hours.
The phases of the as-prepared products were characterized by X-ray diffraction (XRD) under a D/X-2700 X-ray diffractometer (China) employing Cu K α radiation, λ=0.15406 nm. The scanning electron microscope (SEM, JSM-6360) was carried out to characterize the morphology and size of the products .
The photocatalytic efficiency of the as-obtained particles were evaluated through the degradation of dyes (MB and MO) under visible light irradiation. An LED lamp with a light intensity of 0.042 W·cm -2 was used as visible light source. 0.040 g photocatalyst was added into an aqueous dye solution (10 mg·L -1 , 50 mL). Before light irradiation，the suspension was stirred in the dark for 15 min. Approximately 5 mL of the suspension was taken at given time intervals and separated through centrifugation (3000 rpm, 5 min). The concentration of dyes was analyzed on a visible spectrophotometer (722S, China). Fig.1 shows the XRD patterns of as-synthesized photocatalysts Ag 3 PO 4 . As shown in Fig.1 , all of the diffraction peaks can be well-indexed to the cubic structure of Ag 3 PO 4 (JCPDS No.: 06-0505), and it was not observed characteristic peak for other types, indicating that the high purity of Ag 3 PO 4 product was formed. The morphologies of the as-prepared particles were analyzed by SEM. As shown in Fig.2 , Ag 3 PO 4 particles obtained in weak acidity solution (Fig.2c) were homogeneous in distribution and small in size compare with that obtained in neutral solution (Fig.2b) . Fig.2a indicate that the Ag 3 PO 4 prepared in alkaline solution has partly decomposed to Ag.
Results and discussion

Fig.2. SEM micrographs of the as-synthesized particles
The photocatalytic activities of the as-prepared were evaluated by the degradation of the typical dyes (MB, MO) in water. As shown in Fig.3 , Ag 3 PO 4 products exhibited superior photocatalytic activity in the photodegradation of MB under visible light, as compared to the TiO 2 . It is obvious that, the Ag 3 PO 4 prepared in weak acidity solution has the best photocatalytic activity due to its homogeneous distribution and small size. Fig.4 shows the influence of the initial MB concentration on the degradation rate over Ag 3 PO 4 catalyst. When the concentration of dyes is very low, the degradation process can be well matched with pseudo-first-order kinetics obtained from Langmuir−Hinshelwood model [11] . The pseudo-first -order kinetics equation is as Eq. 1, ln(C 0 /C t )=kt .
(1) It can be seen that the photodegradation rate of MB is much higher when the initial concentration is lower. . Pseudo-first-order kinetics of MB photodegradation process over Ag 3 PO 4 samples. The nature of dyes has significant influence on photocatalytic activities. As shown in Fig.5 , it can be found that the photodegradation rate is much higher for the cationic dyes (MB) than that for the anionic dyes (MO) over Ag 3 PO 4 product which maybe due to that Ag 3 PO 4 product inherits negative surface charge and it makes for adsorbing the cationic dyes and promote the degradation reaction. The recycle experiments were carried out to investigate the recyclability of as-synthesized Ag 3 PO 4 . The photodegradation rate of MB over Ag 3 PO 4 on a number of cycling runs is shown in Fig.6 . The degradation rate equation is as Eq. 2, Degradation%=(C 0 -C t )/C 0 .
(2) Fig.6 (A) makes clear that the Ag 3 PO 4 maintains high photocatalytic efficiency in the first three photocatalytic degradation process. After five cycles, the degradation efficiency change to half of the original. Fig.6(B) shows that the peak indexed to Ag can be found after the cycling runs, which indicates that part of the Ag 3 PO 4 has decomposed to Ag. The Ag could cover the active sites on the surfaces of Ag 3 PO 4 particles which results in the decrease of photocatalytic efficiency.
Conclusions
1. The silver phosphate photocatalyst was successfully synthesized by a simple ultrasonic-assisted ion-exchange method in weak acidity solution. 2. As-synthesized photocatalyst exhibited an excellent photocatalytic efficiency. Under visible light irradiation, nearly 100% of methylene blue (10 mg·L -1 , 50 mL) can be degraded by only 0.040 g catalyst in 25 minutes. 3. It was found out that the photodegradation rate of MB is higher when the initial concentration of dye is lower. 4. As-synthesized Ag 3 PO 4 photocatalyst is more effective in photocatalytic degradation of the cationic dyes.
